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SEMICONDUCTOR APPARATUS FOR FINGERPRINT RECOGNITION 

B A CKGROU ND OF T HE INVENTI ON 
Fxeia of the Invent Iqu 
5 The present invention relates to a semiconductor 

apparatus. More particularly, the present invention is 
concerned with a semiconductor apparatus for fingerprint 
recognition used as a capacitive mode fingerprint sensor. 

10 Pescription of th e R elated Art 

In recent years, the fingerprint matching system, 
which has conventionally been utilized in the 
applications of the administration of entrance and exit 
and the like, is being attracting attention as a security 

15 system for the computer network and a personal 

identification tool in a portable terminal or the like. 
Examples of fingerprint detecting methods using the 
fingerprint matching system include an optical detection 
method, and a capacitive sensing method disclosed in 

20 Japanese Patent Application Laid-Open Specification No. 
4-231803, whose basic application is GB9011163 which is 
also a basic application of USP 5,325,442, 

The capacitive sensing method is one in which an 
electrostatic capacity value between the electrodes in 

25 the fingerprint sensor is detected, and has an advantage 
in that the apparatus employing the capacitive sensing 
method is easily down- sized, and therefore, this method 
is advantageously mounted on a portable tearminal and the 
like. Thus, the development of the capacitive mode 

30 fingerprint sensor is energetically progressed. 

FIG. 4 is a diagrammatic cross -sectional view of a 
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semiconductor device for fingerprint recognition, which 
constitutes the above-mentioned capacitive mode 
fingerprint sensor . 

On a substrate having formed thereon a semiconductor 
5 device constituting the sensor, such as a transistor or 
the like (see FIG. 5A described blow), a barrier metal 
comprised of titanium (Ti) or the like is formed. On the 
barrier metal, electrodes 52 comprised of, for example, 
p aluminum or the like are formed so that they are arranged 

r\ 10 in a matrix form and connected to the above-mentioned 
H semiconductor device. Further, pad electrodes 52a are 

[f^ formed simultaneously with conducting the step of forming 

the electrodes 52. 
5 An insulating protecting film 53 is formed so as to 

L 15 cover both of the electrodes 52 and the pad electrodes 
f\ 52a, and an opening portion is formed in each of the pad 

O electrodes 52a. Thus, a fingerprint recognition 

semiconductor chip 51 using, as a fingerprint -recognizing 
surface, a region in which the electrodes 52 are arranged 
20 in a matrix form is formed. 

The pad electrodes 52a formed in the fingerprint 
recognition semiconductor chip 51 and the lead 55 are 
connected to each other by a wire bonding 54. 

While exposing the fingerprint -recognizing surface 
25 (upper surface) of the fingerprint recognition 

semiconductor chip 51 to the outside, the wire bonding 54 
which connects the fingerprint recognition semiconductor 
chip 51 and the lead 55 is encapsulated by a mold resin 
56 comprised of, for example, a thermosetting resin or 
30 the like. 

Next, an explanation is made on the principle of the 
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operation of the semiconductor device for fingerprint 
recognition, 

FIG. 5A is an enlarged, cross -sectional view of the 
portion of the electrodes (corresponding to reference 
5 numeral 52 in FIG. 4) which are formed in the 

semiconductor chip (corresponding to reference numeral 51 
in FIG. 4) of the semiconductor device for fingerprint 
recognition so that they are arranged in a matrix form. 
On a substrate 10 having formed thereon a 

10 semiconductor device constituting the sensor, such as a 
transistor (not shown) or the like, a barrier metal 20 
comprised of Ti or the like is formed. On the barrier 
metal 20, charge storage electrodes 21 comprised of, for 
example, aluminum or the like are formed so that they are 

15 arranged in a matrix form and connected to the above- 
mentioned (not shown) semiconductor device on the 
substrate. An insulating protecting film 30 is formed so 
as to cover the charge storage electrodes 21. 

As shown in FIG. 5A, when a finger 7 is in contact 

20 with the fingerprint -recognizing surface of the 

semiconductor apparatus for fingerprint recognition, a 
capacitor is formed between the charge storage electrodes 
• 21, the insulating protecting film 30 and the finger 7. 
The insulating protecting film 30 functions as a part of 

25 the capacitor insulating film. In the construction 
mentioned above, the distance d (for example, d^, d2) 
between the charge storage electrodes 21 and the finger 7 
varies depending on fingerprint unevenness 70. 
Accordingly, a difference in capacity is caused between 

30 the capacitors which constitute the fingerprint sensor 

and which are formed to be arranged in a matrix form, and 
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thus, the charge stored in each of the charge storage 
electrodes 21 is read and detected by the semiconductor 
device formed on the substrate 10, such as a transistor 
or the like, making it possible to recognize a 
5 fingerprint . 

In the above semiconductor apparatus, each of the 
charge storage electrodes 21 constitutes a unit cell of 
the fingerprint-recognizing surface of the semiconductor 
apparatus for fingerprint recognition. 
10 In a state such that the finger is not in contact 

with the fingerprint-recognizing surface, the capacitors 
constituted by the charge storage electrodes 21 and the 

like have a "d" value which is infinite (oo) in all of 
the unit cells of the fingerprint -recognizing surface of 

15 the semiconductor apparatus for fingerprint recognition. 
Therefore, in all of the unit cells, the electrostatic 
capacity value Cs is zero (0). 

On the other hand, in a state such that the finger 
is in contact with the fingerprint-recognizing surface, 

20 as shown in FIG. 5B, in the n-th unit cell, a capacitor 
having an electrostatic capacity value Cs^i is formed 
between the charge storage electrodes 21, the insulating 
protecting film 30 and the finger 7. The electrostatic 
capacity value Cgj^ is represented by the formula: Cgn - 

25 e • Eq • S/dj^. In this formula, S is an area contributing to 
the capacitor of each electrode, d^ is a distance (for 
example, di, d2) between the electrode of the n-th unit 
cell and the finger, and n is the number (n = 1, 2, ...) of 
the unit cell. 

30 In the construction for reading the electrostatic 

capacity value Cg^ in each of the unit cells , the 
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capacitor formed between the charge storage electrode 21 
of each unit cell, the insulating protecting film 30 and 
the finger 7 is connected to one source-drain region of 
the transistor which is gate-controlled by, for example, 
5 a word line WL (WL^, WL2, «•) , and another source-drain 
region is connected to a bit line BL (BLi, BL2, .«) * and 
further, a capacitor having an electrostatic capacity 
value CB is connected to the bit line BL. 

In the above construction, when a finger is in 

10 contact with the recognition surface in a state such that 
a potential V^c is applied to the bit line BL (V^c 
precharge), a potential change represented by the 
formula: AV^ = [Cgn/CCB + Cgn)] * V^c Is caused in the bit 
line BL. The potential change AVn is detected in each of 

15 the unit cells, and the electrostatic capacity value Cgn 
per unit cell is calculated, so that the fingerprint 
recognition is conducted by image processing or the like. 

However, the conventional semiconductor device for 
fingerprint recognition mentioned above poses a problem 

20 in that, when a finger is in contact with the 

fingerprint -recognizing surface, the static electricity 
charged in the human body is discharged in the electrodes 
52 (21) and a large amount of a current flows through the 
electrodes 52 (21) into the detecting circuit formed on 

25 the same semiconductor substrate (see FIG. 5B) , so that 
the circuit is damaged and the function as the 
semiconductor apparatus for fingerprint recognition is 
lost . 

On the other hand, as mentioned above, the 
30 insulating protecting film 53 (30) for the surface of the 
semiconductor apparatus for fingerprint recognition 
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functions as a part of the capacitor insulating film of 
the capacitor formed between the electrodes 52 (21), the 
insulating protecting film 53 (30) and the finger 7. 
Therefore, a range within which the thickness of the 
5 insulating protecting film 53 (30) is increased and the 
material for the insulating protecting film 53 (30) is 
changed for the purpose of suppressing the damage of the 
circuit due to the discharge of static electricity is 
inevitably limited. 

10 

SUMMARY OF THE INVENTION 
In this situation, the present inventor has made 
extensive and intensive studies with a view toward 
solving the above-mentioned problems accompanying the 

15 prior art. As a result, it has unexpectedly been found 
that the semiconductor apparatus comprising: a substrate 
having a transistor; a first electrode formed on the 
substrate and connected to the transistor; a second 
electrode formed on the substrate and electrically 

20 separated from the first electrode; and an insulating 
film formed on the substrate so as to cover the first 
electrode, wherein, when a plane of the insulating film 
which is not on a side of the substrate is taken as a 
first plane, a surface facing the first plane of the 

25 first electrode is taken as a first surface, and a 

surface facing the first plane of the second electrode is 
taken as a second surface, a distance between a surface 
of the substrate and the second surface is larger than a 
distance between the surface of the substrate and the 

30 first surface is free from the above-mentioned problems 
accompanying the prior art semiconductor apparatus . 
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Specifically, by virtue of having the above unique 
structure, the semiconductor apparatus of the present 
invention is advantageous in that, when a finger or any 
other material which is electrostatically charged is 
5 brought closer to the substrate, the static electricity 
is not discharged into the electrode but into the static- 
electricity drawing wiring and then drawn out of the 
semiconductor apparatus, so that the semiconductor 
devices, the circuits and the like which are connected to 

10 the electrode can be prevented from suffering a damage 
due to the static electricity and from losing the 
functions thereof. The present invention has been 
completed, based on the above novel finding. 

Accordingly, it is an object of the present 

15 invention to provide a semiconductor apparatus which is 

advantageous in that, when a finger or any other material 
which is electrostatically charged is brought closer to 
the substrate, the semiconductor devices, the circuits 
and the like which are connected to the electrode can be 

20 prevented from suffering a damage due to the static 
electricity and from losing the functions thereof. 

It is another object of the present invention to 
provide a semiconductor apparatus for fingerprint 
recognition which is advantageous in that, when a finger 

25 which is electrostatically charged is brought closer to 
the fingerprint-recognizing surface, the semiconductor 
devices, the circuits and the like which are connected to 
the electrode can be prevented from suffering a damage 
due to the static electricity and from losing the 

30 functions thereof . 
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BRIEF P ESCFTPTTON OF THK DRAWTNas 
The foregoing and other objects, features and 
advantages of the present invention will be apparent to 
those skilled in the art from the following description 
of the presently preferred exemplary embodiments of the 
invention taken in connection with the accompanying 
drawings, in which: 

FIG. 1 is a diagrammatic cross -sectional view of a 
semiconductor apparatus for fingerprint recognition 
according to the first embodiment of the present 
invention; 

FIG, 2 is a diagrammatic cross -sectional view of a 
semiconductor apparatus for fingerprint recognition 
according to the second embodiment of the present 
invention; 

FIG. 3 is diagrammatic cross -sectional view of a 
semiconductor apparatus for fingerprint recognition 
according to the third embodiment of the present 
invention; 

FIG. 4 is a diagrammatic cross -sectional view of one 
example of a conventional semiconductor apparatus for 
fingerprint recognition; and 

FIGs. 5A and .5B are explanatory views of the 
principle of the operation of the fingerprint recognition. 

PETAILED PFSCR IPTION OF THE PREFERRED EMRODIMENT.q 
Hereinbelow, preferred embodiments of the 
semiconductor apparatus for fingerprint recognition of 
the present invention will be described in detail with 
reference to the drawings, but the embodiments should not 
be construed as limiting the scope of the present 
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invention. 

In the preferred embodiment, on a substrate 10 
having formed thereon a semiconductor device constituting 
a sensor, such as a transistor or the like, a barrier 
5 metal 20 comprised of Ti or a stacked film, such as a 
Ti/TiN/Ti film, is formed, as shown in FIG. 5A Further, 
as shown in FIG. 1, electrodes 2 comprised of, for 
example, aluminum or an aluminum alloy, such as aluminum 
silicide, are formed on the barrier metal 20 so that they 

10 are arranged in a matrix form and connected to the above- 
mentioned semiconductor device (not shown). Further, pad 
electrodes 2a are fo3aned simultaneously with conducting 
the step of forming the electrodes 2. 

An insulating protecting film 3, such as a 

15 passivation film, is formed so as to cover both of the 
electrodes 2 and the pad electrodes 2a, and an opening 
portion is formed in the upper surface of each of the pad 
electrodes 2a. Thus, a fingerprint recognition 
semiconductor chip 1 using, as a fingerprint -recognizing 

20 surface, a region in which the electrodes 2 are arranged 
in a matrix form is formed. 

The pad electrodes 2a formed in the fingerprint 
recognition semiconductor chip 1 and the lead 5 are 
connected to each other by a wire bonding 4 . 

25 While exposing the fingerprint -recognizing surface 

(upper surface) of the fingerprint recognition 
semiconductor chip 1 to the outside, the wire bonding 4 
which connects the fingerprint recognition semiconductor 
chip 1 and the lead 5 is encapsulated by a mold resin 6 

30 comprised of, for example, a thermosetting resin or the 
like . 
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Next, an explanation is made on the operation of the 
above-mentioned semiconductor device for fingerprint 
recognition. 

The principle of the operation of fingerprint 
5 recognition of the present invention is substantially the 
same as that of the prior art technique, and is explained 
with reference to FIGs. 5A and 5B. 

FIG. 5A is an enlarged, cross-sectional view of the 
portion of the charge storage electrodes 21 

10 {corresponding to numeral 2 in FIG. 1) in a matrix form 
of the semiconductor device for fingerprint recognition. 

On a substrate 10 having formed thereon a 
semiconductor device constituting a sensor, such as a 
transistor (not shown) or the like, a barrier metal 20 

15 comprised of Ti or the like is formed. On the barrier 

metal 20, charge storage electrodes 21 comprised of, for 
example, aluminum or the like are formed so that they are 
arranged in a matrix form and connected to the above- 
mentioned (not shown) semiconductor device on the 

20 substrate. An insulating protecting film 30, such as a 
passivation film, is formed so as to cover the charge 
storage electrodes 21. 

As shown in FIG. 5A, when a finger 7 is in contact 
with the fingerprint -recognizing surface of the 

25 semiconductor apparatus for fingerprint recognition, a 

capacitor is formed between the charge storage electrodes 
21, the insulating protecting film 30 and the finger 7. 
The insulating protecting film 30 functions as a part of 
the capacitor insulating film. In the construction 

30 mentioned above, the distance d (for example, d^, 6,2) 

between the charge storage electrodes 21 and the finger 7 
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varies depending on fingerprint unevenness 70, 
Accordingly, a difference in capacity is caused between 
the capacitors which constitute the fingerprint sensor 
and which are formed to be arranged in a matrix form, and 
5 thus, the charge stored in each of the charge storage 
electrodes 21 is read and detected by the semiconductor 
device formed on the substrate 10, such as a transistor 
or the like, making it possible to recognize a 
fingerprint. 

10 In the above semiconductor apparatus, each of the 

charge storage electrodes 21 constitutes a unit cell of 
the fingerprint-recognizing surface of the semiconductor 
device for fingerprint recognition. 

In a state such that the finger is not in contact 

15 with the fingerprint -recognizing surface, the capacitors 
constituted by the charge storage electrodes 21 and the 
like have a d value which is infinite (oo) in all of the 
unit cells of the fingerprint-recognizing surface of the 
semiconductor apparatus for fingerprint recognition. 

20 Therefore, in all of the unit cells, the electrostatic 
capacity value Cs is zero (0). 

On the other hand, in a state such that the finger 
is in contact with the fingerprint -recognizing surface, 
as shown in FIG. 5B, in the n-th unit cell, a capacitor 

25 having an electrostatic capacity value Cgn is formed 

between the charge storage electrodes 21, the insulating 
protecting film 30 and the finger 7. The electrostatic 
capacity value C^^ is represented by the formula: C^^ = 
E • 80 • S/dj^. In this formula, S is an area contributing to 

30 the capacitor of each electrode, d^ is a distance (for 
example, d^, 6.2) between the electrode of the n-th unit 
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cell and the finger, and n is the niimber (n = 1, 2, of 
the unit cell. 

In the construction for reading the electrostatic 
capacity value Cgn in each of the unit cells, the 
5 capacitor formed between the charge storage electrode 21 
of each unit cell, the insulating protecting film 30 and 
the finger 7 is connected to one source -drain region of 
the transistor which is gate- controlled by, for example, 
a word line WL (WL^, WL2, .«) , and another source-drain 

10 region is connected to a bit line BL (BL^, BL2, .«), and 
further, a capacitor having an electrostatic capacity 
value CB is connected to the bit line BL. 

In the above construction, when a finger is in 
contact with the recognition surface in a state such that 

15 a potential V^c is applied to the bit line BL (V^^ 
precharge), a potential change represented by the 
formula: AV^ = [Csn/(CB + C^^)] • V^^ is caused in the bit 
line BL. The potential change AV^ is detected in each of 
the unit cells, and the electrostatic capacity value C^^ 

20 per unit cell is calculated, so that the fingerprint 

recognition is conducted by image processing or the like. 

With respect to the semiconductor apparatus for 
fingerprint recognition which is operated as mentioned 
above, the first embodiment of the present invention is 

25 described with reference to FIG. 1. 

FIG. 1 is a diagrammatic cross -sectional view of a 
semiconductor apparatus for fingerprint recognition 
according to the first embodiment of the present 
invention, which constitutes a capacitive mode 

30 fingerprint sensor. 

In the present embodiment, a wiring 301 for drawing 
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static electricity (hereinafter, frequently referred to 
as "static-electricity drawing wiring 301") having a 
thickness larger than that of an electrode 2 is formed 
along the line in the longitudinal direction of the 
5 electrode 2 (so that the lower surfaces of the wiring 301 
and the electrode 2 are aligned in this example ) . The 
static-electricity drawing wiring 301 is formed 
electrically independently from the electrode 2. 
An insulating protecting film 3, such as a 

10 passivation film, is formed so as to cover the electrodes 
2, the static-electricity drawing wiring 301 having a 
thickness larger than that of the electrode 2, and a pad 
electrodes 2a, and an opening portion is formed in the 
upper surface of the pad electrode 2a. Other portions in 

15 the present embodiment are the same as the corresponding 
portions in the prior art (FIG. 4). 

The semiconductor device for fingerprint recognition 
of the present embodiment can be produced by, for example, 
the following method. 

20 First, a semiconductor device, such as a transistor, 

which functions as a reading circuit, is formed on a 
semiconductor substrate, and then, aluminum or an 
aluminum alloy, such as aluminum silioide, is deposited 
on the semiconductor substrate by a sputtering process so 

25 as to have a thickness of about 1.5 

Then, a resist film for the patterns of a static- 
electricity drawing wiring and at least one pad electrode 
is formed by patterning by means of a photolithography 
process, and subjected to etching, such as reactive ion 

30 etching (hereinafter, frequently referred to simply as 
"RIE"), so that a static-electricity drawing wiring 
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comprised of alximinum or the like is formed so as to be 
disposed between electrodes which are formed by 
patterning in the subsequent step so that they are 
arranged in a matrix form. At the same time, at least 
one pad electrode is formed in a form such that it is 
connected to the static- electricity drawing wiring. 

Next, a Ti layer or a stacked film, such as a 
Ti/TiN/Ti film, is deposited by, for example, a 
sputtering process so that it is connected to the above 
semiconductor device, and further, aluminum or an 
aluminum alloy, such as aluminum silicide, is deposited 
by a sputtering process so that the total thickness of 
the resultant film becomes about 0.5 \Am. 

Then, a resist film for the patterns of the above- 
mentioned static- electricity drawing wiring and at least 
one pad electrode, an electrode, and a pad electrode for 
taking a signal out or the like is formed by patterning 
by means of a photolithography process, and subjected to 
etching, such as RIE, to thereby effect patterning so 
that a stacked film comprised of a barrier metal layer, 
such as a Ti layer, aluminum and the like is left on the 
static-electricity drawing wiring and at least one pad 
electrode, and on the remaining region, the electrodes 
and the pad electrodes for taking a signal out or the 
like are arranged in a matrix form. 

Next, an insulating film, such as a stacked film of 
silicon nitride or silicon oxide, is deposited by, for 
example, a chemical vapor deposition (hereinafter, 
referred to simply as "CVD") process so as to have a 
thickness of about 1 |jm, to thereby form an insulating 
protecting film 3. An opening portion through which the 
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pad electrode 2a is exposed to the outside is formed in 
the insulating protecting film 3 by patterning. Then, 
the resultant device is subjected to dicing treatment, to 
thereby form a fingerprint recognition semiconductor chip 
1- 

Subsequently, the pad electrode 2a and a lead 5 
which is subjected to silver electroplating treatment or 
the like are connected to each other by a wire bonding 4 
using, for example, a gold line or the like. 

Then, while exposing the fingerprint -recognizing 
surface of the fingerprint recognition semiconductor chip 
to the outside, the semiconductor chip 1 and the wire 
bonding 4 are encapsulated by an encapsulation mold resin 
6 comprised of, for example, a thermosetting resin. 

In the semiconductor apparatus for fingerprint 
recognition produced by the above production steps, the 
static-electricity drawing wiring 301 having a thickness 
of about 2 im has a structure such that it protrudes from 
the fingerprint -recognizing surface upwardly, as compared 
to the electrode 2 having a thickness of about 0.5 ^un. 
Therefore, when a finger or any other material which is 
electrostatically charged is brought closer to the 
fingerprint -recognizing surface, the static electricity 
is not discharged into the electrode 2 but into the 
static-electricity drawing wiring 301. Since the static- 
electricity drawing wiring 301 is directly connected to 
the pad electrode 2a as mentioned above, the current 
discharged is directly drawn out of the semiconductor 
apparatus for fingerprint recognition through the pad 
electrode 2a and the wire bonding 4. Therefore, the 
semiconductor devices and the circuits which are 
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incorporated into the semiconductor device for 
fingerprint recognition suffer no damage. 

Especially in the semiconductor apparatus for 
fingerprint recognition which recognizes a fingerprint by 
5 reading the charge stored in the electrode 2, the 

fingerprint -recognizing surface is exposed to the outside 
without being encapsulated by a resin. Therefore, not 
only is the fingerprint -recognizing surface exposed to a 
danger of an external static electricity, but also a 

10 finger is inevitably directly in contact with the 
fingerprint -recognizing surface for achieving the 
function as a fingerprint recognition device. However, 
by employing in the fingerprint recognition device the 
structure formed by the above-mentioned production steps, 

15 the discharged current of the static electricity can be 
prevented from flowing into the internal circuit of the 
semiconductor apparatus for fingerprint recognition, thus 
making it possible to prevent a damage of the function of 
the device due to the static electricity. 

20 Next, the second embodiment of the present invention 

is described with reference to FIG. 2. 

The function as a semiconductor device for 
fingerprint, recognition of the second embodiment • is the 
same as that of the above-mentioned first embodiment, and 

25 therefore, only the wiring for drawing static electricity, 
which is a characteristic feature of the present 
invention, is described below. 

In the present embodiment, a wiring 401 for drawing 
static electricity (hereinafter, frequently referred to 

30 as "static-electricity drawing wiring 401") having a 

thickness larger than that of an electrode 2 is formed 
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along the line in the longitudinal direction of the 
electrode 2 (so that the lower surfaces of the wire 401 
and the electrode 2 are aligned in this example) . The 
static-electricity drawing wiring 401 is formed 
5 electrically independently from the electrode 2 . 

An insulating protecting film 402, such as a 
passivation film, is formed so as to cover both of the 
electrode 2 and a pad electrode 2a, and an opening 
portion is formed in the upper surface of the pad 

10 electrode 2a. In this instance, the thickness of the 
insulating protecting film 402, such as a passivation 
film, which is on the side of the upper surface of the 
electrode 2 is equivalent to the difference in thickness 
between the electrode 2 and the static-electricity 

15 drawing wiring 401 having a thickness larger than that of 
the electrode 2. That is, the upper surface of the 
static-electricity drawing wiring 401 having a thickness 
larger than that of the electrode 2 is exposed to the 
outside through the surface of the insulating protecting 

20 film 402. Other portions in the present embodiment are 
the same as the corresponding portions in the first 
embodiment of the present invention (FIG. 1). 

The semiconductor apparatus for fingerprint 
recognition of the present embodiment can be produced by, 

25 for example, the following method. 

First, a semiconductor device, such as a transistor, 
which functions as a reading circuit, is formed on a 
semiconductor substrate, and then, aluminum or an 
aluminum alloy, such as aluminxim silicide, is deposited 

30 on the semiconductor substrate by a sputtering process so 
as to have a thickness of about 1.5 [im. 
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Then, a resist film for the patterns of a static- 
electricity drawing wiring and at least one pad electrode 
is formed by patterning by means of a photolithography 
process, and subjected to etching, such as RIE, so that a 
static-electricity drawing wiring comprised of aluminum 
or the like is formed so as to be disposed between 
electrodes which are formed by patterning in the 
subsequent step so that they are arranged in a matrix 
form. At the same time, at least one pad electrode is 
formed in a form such that it is connected to the static- 
electricity drawing wiring. 

Next, a Ti layer or a stacked film, such as a 
Ti/TiN/Ti film, is deposited by, for example, a 
sputtering process so such that it is connected to the 
above semiconductor device, and further, aluminum or an 
aluminum alloy, such as aluminum silicide, is deposited 
by a sputtering process so that the total thickness of 
the resultant film becomes about 0.5 \m. 

Then, a resist film for the patterns of the above- 
mentioned static-electricity drawing wiring and at least 
one pad electrode, an electrode, and a pad electrode for 
taking a signal out or the like is formed by patterning 
by means of a photolithography process, and subjected to- 
etching, such as RIE, to thereby effect patterning so 
that a stacked film comprised of a barrier metal layer, 
such as a Ti layer, aluminum and the like is left on the 
static-electricity drawing wiring and at least one pad 
electrode, and on the remaining region, the electrode and 
the pad electrode for taking a signal out or the like are 
arranged in a matrix form. 

Next, an insulating film, such as a stacked film of 
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silicon nitride or silicon oxide, is deposited by, for 
example, a CVD process so as to have a thickness of about 

3 jxm, and the surface of the resultant insulating film is 
polished by a chemical mechanical polishing (hereinafter, 
5 referred to simply as "CMP") process until the above- 
mentioned static-electricity drawing wiring is exposed to 
the outside, to thereby form an insulating protecting 
film 402. Then, an opening portion through which the pad 
electrode 2a is exposed to the outside is formed in the 

10 insulating protecting film 402 by patterning. The 

subsequent steps for production in the present embodiment 
are the same as the corresponding steps in the first 
embodiment of the present invention. 

In the semiconductor apparatus for fingerprint 

15 recognition of the second embodiment, the static- 
electricity drawing wiring having a thickness of about 2 

fxm has a structure such that it protrudes from the 
fingerprint -recognizing surface upwardly, as compared to 

the electrode having a thickness of about 0,5 jim, and, in 
20 addition, the static-electricity drawing wiring is 
exposed to the outside through the surface of the 
semiconductor apparatus for fingerprint recognition. 
Therefore, when a finger or any other material which is 
electrostatically charged is brought closer to the 
25 fingerprint-recognizing surface, the static electricity 

is not discharged into the electrode but into the static- 
electricity drawing wiring. (The effect of drawing 
static electricity in the second embodiment is larger 
than that in the first embodiment by a magnitude 
30 corresponding to the fact that the static-electricity 
drawing wiring is exposed to the outside through the 
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surface of the semiconductor apparatus for fingerprint 
recognition, ) 

Since the static-electricity drawing wiring 401 is 
directly connected to the pad electrode 2a as mentioned 
5 above, the current discharged is directly drawn out of 
the semiconductor apparatus for fingerprint recognition 
through the pad electrode 2a and the wire bonding 4. 
Therefore, the semiconductor devices and the circuits 
which are incorporated into the semiconductor apparatus 

10 for fingerprint recognition suffer no damage. 

Further, from the viewpoint of facilitating the 
recognition of a fingerprint. It is desired that a finger 
is in a ground potential. When a finger is in contact 
with the fingerprint -recognizing surface of the 

15 semiconductor apparatus for fingerprint recognition, the 
finger is also in contact with the static-electricity 
drawing wiring at the same time. Therefore, by making 
the static-electricity drawing wiring be in a ground 
potential, it is possible to surely render the finger be 

20 in a ground potential. 

Next, the third embodiment of the present invention 
is described with reference to FIG. 3. 

The function as a semiconductor apparatus for 
fingerprint recognition of the third embodiment is the 

25 same as that of the above-mentioned first embodiment, and 
therefore, only the wiring for drawing static electricity, 
which is a characteristic feature of the present 
invention, is described below. 

In the present embodiment, a wiring 501 for drawing 

30 static electricity (hereinafter, frequently referred to 
as "static-electricity drawing wiring 501") having a 
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thickness larger than that of an electrode 2 is formed 
along the line in the longitudinal direction of the 
electrode 2 (so that the lower surfaces of the wiring 501 
and the electrode 2 are aligned in this example). The 
5 static-electricity drawing wiring 501 is formed 
electrically independently from the electrode 2. 

An insulating protecting film 502, such as a 
passivation film, is formed so as to cover both of the 
electrode 2 and a pad electrode 2a, and an opening 

10 portion is formed in the upper surface of the pad 
electrode 2a, In the present embodiment, the upper 
portion of the static -electricity drawing wiring 501 
having a thickness larger than that of the electrode 2 
protrudes from the surface of the insulating protecting 

15 film 502. Other portions in the present embodiment are 
the same as the corresponding portions in the second 
embodiment of the present invention (FIG. 2). 

The semiconductor apparatus for fingerprint 
recognition of the present embodiment can be produced by, 

20 for example, the following method. 

First, a semiconductor device, such as a transistor, 
which functions as a reading circuit, is formed on a 
semiconductor substrate, and then, aliaminum or an 
aluminum alloy, such as aluminum silicide, is deposited 

25 on the semiconductor substrate by a sputtering process so 
as to have a thickness of about 1.5 \xm. 

Then, a resist film for the patterns of a static- 
electricity drawing wiring and at least one pad electrode 
is formed by patterning by means of a photolithography 

30 process, and subjected to etching, such as RIE, so that a 
static-electricity drawing wiring comprised of aluminum 
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or the like is formed so as to be disposed between 
electrodes which are formed by patterning in the 
subsequent step so that they are arranged in a matrix 
form. At the same time, at least one pad electrode is 
5 formed in a form such that it is connected to the static- 
electricity drawing wiring. 

Next, a Ti layer or a stacked film, such as a 
Ti/TiN/Ti film, is deposited by, for example, a 
sputtering process so such that it is connected to the 
10 above semiconductor device, and further, aluminum or an 
alxaminum alloy, such as aluminum silicide, is deposited 
by a sputtering process so that the total thickness of 

the resultant film becomes about 0.5 \m. 

Then, a resist film for the patterns of the above- 

15 mentioned static-electricity drawing wiring and at least 
one pad electrode, an electrode, and a pad electrode for 
taking a signal out or the like is formed by patterning 
by means of a photolithography process, and subjected to 
etching, such as RIE, to thereby effect patterning so 

20 that a stacked film comprised of a barrier metal layer, 
such as a Ti layer, aluminum and the like is left on the 
static-electricity drawing wiring and at least one pad 
electrode, and on the remaining region, the electrode and 
the pad electrode for taking a signal out or the like are 

25 arranged in a matrix form. 

Next, an insulating film, such as a stacked film of 
silicon nitride or silicon oxide, is deposited by, for 
example, a CVD process so as to have a thickness of about 
3 \xm, and the surface of the resultant insulating film is 

30 polished by a CMP process until the above-mentioned 
static-electricity drawing wiring is exposed to the 
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outside, to thereby form an insulating protecting film 
502. Then, an opening portion through which the pad 
electrode 2a is exposed to the outside is formed in the 
insulating protecting film 502 by patterning. The steps 
5 up to now in the present embodiment are the same as the . 
corresponding steps in the second embodiment of the 
present invention. 

Then, the upper surface of the insulating protecting 
film 502 is thoroughly subjected to etching by, for 

10 example, an RIE technique so that the about 0.5 trni- thick 
insulating protecting film from the upper surface thereof 
is etched. Thus, the thickness of the resultant 
insulating protecting film is smaller than that of the 
insulating protecting film shown in FIG. 2 by about 0.5 

15 fiin, and therefore, the upper portion of the static- 
electricity drawing wiring 501 protrudes from the 
insulating protecting film 502 by about 0.5 jim which 
corresponds to the thickness of the etched film. The 
subsequent steps for production in the present embodiment 

20 are the same as the corresponding steps in the first 
embodiment of the present invention. 

The semiconductor apparatus for fingerprint 
recognition of the third embodiment has a structure such 
that the static-electricity drawing wiring 501 is exposed 

25 to the outside and protrudes upwardly from the 

fingerprint -recognizing surface. Therefore, when a 
finger or any other material which is electrostatically 
charged is brought closer to the fingerprint-recognizing 
surface, the static electricity is not discharged into 

30 the electrode 2 but surely into the static-electricity 
drawing wiring 501. Thus, the static electricity 
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discharged does not cause the semiconductor devices and 
the circuits which are incorporated into the 
semiconductor apparatus for fingerprint recognition to be 
damaged. 

5 Further, as mentioned above, the semiconductor 

apparatus for fingerprint recognition has a structure 
such that the static-electricity drawing wiring 501 is 
exposed to the outside and protrudes upwardly from the 
fingerprint-recognizing surface. Therefore, by making 

10 the static-electricity drawing wiring be in a ground 
potential, a finger in contact with the fingerprint - 
recognizing surface is surely in contact with the static- 
electricity drawing wiring and made be in a ground 
potential, thus rendering it possible to stably and 

15 surely perform the fingerprint recognition. 

By virtue of having a unique structure such that the 
static-electricity drawing wiring protrudes upwardly from 
the electrode on the substrate, the semiconductor 
apparatus of the present invention is advantageous in 

20 that, when a finger or any other material which is 
electrostatically charged is brought closer to the 
substrate, the static electricity is not discharged into 
the electrode but into the static-electricity drawing 
wiring and then drawn out of the semiconductor apparatus, 

25 so that the semiconductor devices, the circuits and the 
like which are connected to the electrode can be 
prevented from suffering a damage due to the static 
electricity and from losing the functions thereof. 
Especially in the semiconductor apparatus for 

30 fingerprint recognition of the present invention, when a 
finger which is electrostatically charged is brought 
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closer to the fingerprint -recognizing surface, by virtue 
of having the above unique structure, the static 
electricity is not discharged into the electrode but into 
the static-electricity drawing wiring and then drawn out 
of the semiconductor apparatus, so that the semiconductor 
devices, the circuits and the like which are connected to 
the electrode can be prevented from suffering a damage 
due to the static electricity and from losing the 
functions thereof. 
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WHAT IS CLAIMED IS: 

1. A semiconductor apparatus, comprising: 
a substrate having a transistor; 

5 a first electrode formed on said substrate and 

connected to said transistor; 

a second electrode formed on said substrate and 
electrically separated from said first electrodes; and 

an insulating film formed on said substrate so as to 
10 cover said first electrode, 

wherein, when a plane of said insulating film which 
is not on a side of said substrate is taken as a first 
plane, a surface facing said first plane of said first 
electrode is taken as a first surface, and a surface 
15 facing said first plane of said second electrode is taken 
as a second surface, a distance between a surface of said 
substrate and said second surface is larger than a 
distance between the surface of said substrate and said 
first surface . 

20 

2. The semiconductor apparatus according to claim 1, 
wherein said second surface is substantially equivalent 
to a surface of said insulating film. 

25 3 . The semiconductor apparatus according to claim 1 , 
wherein the distance between the surface of said 
substrate and said second surface is larger than a 
distance between the surface of said substrate and the 
surface of said insulating film. 

30 

4. The semiconductor apparatus according to claim 1, 
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wherein said second electrodes is fixed in a constant 
potentials 

5. The semiconductor apparatus according to claim 1, 

5 wherein a plurality of said first electrodes are arranged 
in a matrix form, and said second electrode is disposed 
between said plurality of first electrodes. 

6. The semiconductor apparatus according to claim 5, 
10 wherein a plurality of said second electrodes are 

arranged in a matrix form. 

7. The semiconductor apparatus according to claim 1, 
wherein said first electrode is connected to a first 

15 terminal of said transistor, and a second terminal of 
said transistor is connected to a bit line and a 
capacitance element to which a potential is applied. 

8. The semiconductor apparatus according to claim 2, 
20 wherein said second electrode is fixed in a constant 

potential. 

9. The semiconductor apparatus according to claim 3^ 
wherein said second electrode is fixed in a constant 

25 potential. 

10. The semiconductor apparatus according to claim 1, 
wherein said second electrode is electrically connected 
to a pad electrode which is connected to a lead for 

30 taking a signal out. 



27 



11. A semiconductor apparatus for recognizing a 
fingerprint , comprising : 

a semiconductor substrate having a transistor; 

a first electrode formed on said semiconductor 
substrate and connected to said transistor; 

a second electrode formed on said semiconductor 
substrate and electrically separated from said first 
electrode; and 

an insulating film formed on said semiconductor 
substrate so as to cover said first electrode, 

wherein, when a plane of said insulating film on 
which said fingerprint is placed is taken as a first 
plane, a surface facing said first plane of said first 
electrode is taken as a first surface, and a surface 
facing said first plane of said second electrode is taken 
as a second surface, a distance between a surface of said 
semiconductor substrate and said second surface is larger 
than a distance between the surface of said semiconductor 
substrate and said first surface. 

12. The semiconductor apparatus according to claim 11, 
wherein said second surface is substantially equivalent 
to a surface of said insulating film. 

13. The semiconductor apparatus according to claim 11, 
wherein the distance between the surface of said 
semiconductor substrate and said second surface is larger 
than a distance between the surface of said semiconductor 
substrate and the surface of said insulating film. 

14. The semiconductor apparatus according to claim 11, 
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wherein said second electrode is fixed in a constant 
potential. 

15. The semiconductor apparatus according to claim 11, 

5 wherein a plurality of said first electrodes are arranged 
in a matrix form, and said second electrode is disposed 
between said plurality of first electrodes. 

16. The semiconductor apparatus according to claim 15, 
10 wherein a plurality of said second electrodes are 

arranged in a matrix form. 

17. The semiconductor apparatus according to claim 11, 
wherein said first electrode is connected to a first 

15 terminal of said transistor, and a second terminal of 
said transistor is connected to a bit line and a 
capacitance element to which a potential is applied. 

18. The semiconductor apparatus according to claim 12, 
20 wherein said second electrodes is fixed in a constant 

potential. 

19. The semiconductor apparatus according to claim 13, 
wherein said second electrodes is fixed in a constant 

25 potential . 

20. The semiconductor apparatus according to claim 11, 
wherein said second electrodes is electrically connected 
to a pad electrode which is connected to a lead for 

30 taking a signal out . 
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A B S TRAC T 

A semiconductor apparatus, which comprises: a 
substrate having a transistor; a first electrode formed 
on the substrate and connected to the transistor; a 
5 second electrode formed on the substrate and electrically 
separated from the first electrode; and an insulating 
film formed on the substrate so as to cover the first 
electrode, wherein, when a plane of the insulating film 
which is not on a side of the substrate is taken as a 

10 first plane, a surface facing the first plane of the 
first electrode is taken as a first surface, and a 
surface facing the first plane of the second electrode is 
taken as a second surface, a distance between a surface 
of the substrate and the second surface is larger than a 

15 distance between the surface of the substrate and the 
first surface. By virtue of having the above unique 
structure, the semiconductor apparatus of the present 
invention is advantageous in that, when a finger or any 
other material which is electrostatically charged is 

20 brought closer to the substrate, the static electricity 

is not discharged into the electrode but into the static - 
electricity drawing wiring and then drawn out of the 
semiconductor device, so that the semiconductor devices, 
the circuits and the like which are connected to the 

25 electrode can be prevented from suffering a damage due to 
the static electricity and from losing the functions 
thereof . 
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FIGS. 1 to 4 

1; 51: SEMICONDUCTOR CHIP 
2; 52: ELECTRODE 
2a; 52a: PAD ELECTRODE 
5 3; 402; 502; 53: PROTECTING FILM 

301; 401; 501: WIRING FOR DRAWING STATIC ELECTRICITY 

4; 54: WIRE BONDING 

5; 55: LEAD 

6; 56: MOLD RESIN 

10 

FIG. 5A 
7 : FINGER 
10: SUBSTRATE 
20: BARRIER METAL 
15 21: ELECTRODE 

30: PROTECTING FILM 

70: UNEVENNESS OF FINGERPRINT 
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 



Japanese Language Declaration 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are 
as stated next to my name, 

I believe I am the original, first and sole inventor (if 
only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 

"SEMICONDUCTOR APPARATUS FOR 
FINGERPRINT RECOGNITION" 



1 -tSB5S«©^»» (TI^^O«^?x^:6Sov^rv^7^v^»'a^W:. 



the specification of which is attached hereto unless 
the following box is checked: 



rt«F4ra» U T V^ ^ C i: $: ^ K:* « i". 



□ was filed on as United States 

Application Number or POT International Application 

Number and was amended on 

(if applicable) 

1 hereby state that 1 have reviewed and understand 
the contents of the above identified specification, 
including the claims, as amended by any amendment 
referred to above. 



1 acknowledge the duty to disclose information which 
is material to patentability as defined in Title 37, Code 
of Federal Regulations, Section 1.56. 
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I hereby claim foreign priority under Title 35, United 
States Code, Section 119(a)-(d) or 365(b) of any 
foreign application(s) for patent or Inventor's 
certificate or 365(a) of any PCT International 
application which designated at least one country 
other than the United States, listed below and have 
also identified below, by checking the box, any foreign 
application for patent or Inventor's certificate or PCT 
International application having a filing date before 
that of the application on which priority is claimed: 



Prior Foreign Application (s) 
P1 1-323051 Japan 



November 12, 1999 



(Number) (Country) (Day Month Year Filed) 



Priority Not Claimed 



(Number) (Country) (Day Month Year Filed) 



„(N umber) 



(Country) (Day Month Year Filed) 



(Number) (Country) (Day Month Year Filed) 



if! mt. «3 5»5>£afefti 1 9^ie)^\c£v-xrm^^ 



I hereby claim the benefit under Title 35, United 
States Code, Section 1 19(e) of any United States 
provisional app!ication(s) listed below. 



lilpplication No.) 



(Filing Date) 



(Application No.) 



(Filing Date) 



I hereby claim the benefit under Title 35, United 
States Code, Section 120 of any United States 
application(s) or 365(c) of an PCT International 
application designating the United States, listed below 
and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States or PCT International application in the 
manner provided by the first paragraph of Title 35, 
United States Code, Section 1 12, 1 acknowledge the 
duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56 which became available 
between the filing date of the prior application and the 
national or PCT International filing date of this 
application. 
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(Application No.) 



(Filing Date) 



(Status: patented, pending, abandoned) 



Application No,) 



(Filing Date) 



(Status: patented, pending, abandoned) 

{Wa - ^nnn^^ SWT'. Sci^fS) 



I hereby declare that all statements made herein of 
my own knowledge are true and that all statements 
made on information and belief are believed to be 
true; and further that these statements were made 
with the knowledge that willful false statements and 
the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such wiilfu! false 
statements may jeopardize the validity of the 
application or any patent issued thereon. 



POWER OF ATTORNEY: As a named inventor, i 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith, (list name and registration 
number) 



David R. Metzger (Reg. No. 32,919), Joseph A. Mahoney (Reg. No. 38,956), Howard B. Rockman (Reg. No. 22,190), 
Jordan A. Sigale, (Reg. No. 39,028), Michael A. Molano (Reg. No. 39,777), Michael L. Kiklis (Reg. No. 38,939), 
Janelle D. Strode (Reg. No. 34,738), Kevin W. Guynn (Reg, No. 29,972), Jennifer Hammond (Reg. No. 41,814), Lana 
Knedlik (Reg. No. 42,748), John F. Griffith (Reg. No. 44,137), Marina Saito (Reg. No. 42,121), Alison P. Schwartz 
(Reg. No. 43,863), Christopher P. Rauch (Reg. No. 45,034), Francisco Rubio-Campos (Reg. No. 45,358), Brian J. 
Giil (Reg. No. 46,727) and Shashank S. Upadbye, all members of the firm of Sonnenschein, Nath & Rosenthal 



Send Correspondence to: 



David R. Metzger 

Sonnenschein Nath & Rosenthal 
P.O. Box #061080 
Wacker Drive Station 
Chicago, Illinois 60606-1080 



Direct Telephone Calls to: (name and telephone number) 

312/876-2578 
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Full name of sole or first inventor: 

MAMORU SHINOHARA 




Inventor's signature Date 




Residence, Japan 

Tokyo, Japan 


mn 


Citizenship 

Japan 




Post Office Address 

c/o Sony Corporation 

7-35, Kitashinagav^^a 6-chonne 




Sliinagawa-ku, Tokyo 141, Japan 






Full name of second joint inventor, if any: 




Inventor's signature Date 




Residence 


1 mm 


Citizenship 




Post Office Address 








Full name of third joint inventor, if any: 




Inventor's signature Date 




Residence 




Citizenship 




Post Office Address 
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